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Master Thesis subjects 2015-2016 proposed by 
Transfers, Interfaces and Processes (TIPs) – Fluid Physics Unit
1. 3D printing of microfluidic chips with a desktop SLA printer
Summary: In microfluidics, small channels with one dimension in the order of the micron (typically the height) are used to manipulate very small quantities of liquid. There is currently a strong interest of the chemical industry in this field as it allows for a more precise control of the different chemical processes at play. 
At TIPs, we have a large experience in fabricating these chips with classical fabrication techniques such as soft-lithography. However, with these techniques it is only possible to make the flat channels. The connections to the pumps and valves need to be glued on afterwards, which often leads to issues with leakage and overall bulkiness of the setup. With our recently acquired state-of-the-art SLA 3D printer (Ember by Autodesk), we want to look at the feasibility of making all-in-one chips, where the connecting elements and even valves are integrated into the design (as shown in the figure below).
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2. 3D printing of a controlled surface topology and its replication
Summary: Nature is capable of creating very precisely controlled surface shapes to deal with fluids; Lotus leaves are capable of letting rain drops slide off them without even leaving a trace, whereas microscopic hairs  on plants in arid regions are capable of harvesting water out of the humid morning air. 
At TIPs, we have a 3D printer (Nanoscribe) capable of creating three dimensional structures with a feature size down to several hundred nanometers. With this, we want to create surfaces capable of repelling liquids as the one shown in the figure below. And we will also look at structures capable of doing the opposite, the spread a liquid as fast as possible. Once successful, we will also look at how we can accellerate the replication of such surfaces by moulding processes.
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3. 3D printing of flexible structures and meta-materials with a stereolithographic printer
Summary: While bio-mimicking is often a good way to learn tricks from nature, people are sometimes also capable of thinking of things Nature hasn’t tought of. One such domain is the production of meta-materials. These exhibit properties currently not present in Nature. While ‘invisibility cloaks’ are probably the most well-known of these materials, we are more interested in structures exhibiting untraditional mechanical properties. For instance, the structure in the image below will shrink in all directions when pushed on from the top whereas ‘normal’ materials would expand laterally when pressed. 
Using state-of-the-art 3D printers (Ember and Nanoscribe), we will first examine the capabilities of these two machines to create flexible structures by examining different materials and perhaps even different coatings. 
Once fully characterised, we want to create metamaterials similar to the own shown below.
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��Example of 3D printed microfluidic chip (image Courtesy of Bonyár et al, Procedia Engineering, 2010, 5, 291–294.)





��Image courtesy of Liu et al, Science, vol. 346, no. 6213, pp. 1096–1100, Nov. 2014.





��Image courtesy of Hengsbach et al, Smart Materials and Structures, Volume 23, Number 8, 2014 








1

